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Introduction. Women suffer an excess of complications following arterial surgery, including an increased stroke risk
following CEA. In order to investigate this further we studied men and women’s thromboembolic potential following CEA.
Method. Analysis of prospectively collected data on 775 consecutive CEAs performed between October 1995 and October
2001, to identify the number of microembolic events detected following CEA.
Results. Overall women had a 2.2 fold increase in the number of postoperative emboli detected (95% CI 1.2–3.3). Of those
patients with significant numbers of postoperative emboli (.25), 68% were female against 22% for men (p ¼ 0.009). In
order to prevent progression onto postoperative thrombotic stroke 9.7% of women were treated with intravenous Dextran-40
therapy, as opposed to only 2.7% of men (p ¼ 0.013). There were no significant differences between men and women’s
preoperative risk factors and/or factors relating to their operation.
Conclusion. It is possible that women’s excess of postoperative complications following arterial surgery is related to their
apparent increased thromboembolic potential following acute arterial injury.
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Introduction
Major trials have reported stroke rates of around 2–6%
following carotid endarterectomy,1,2 although the risk
may be higher than this in non-specialist centres not
involved in the major stroke prevention trials.3,4 It is
well recognised that specific groups of patients fare
less well after arterial surgery, especially women, but
the cause of this is not fully understood. Those strokes
arising in the intraoperative period are usually due to
technical error such as failing to maintain adequate
cerebral perfusion during the endarterectomy or fail-
ure to ensure that the endarterectomy zone was clear
of debris or thrombus prior to the restoration of flow.5
These patients awake from their CEA with a neuro-
logical deficit. Patients who are neurologically intact in
recovery and then develop neurological signs have
usually suffered either a stroke from sustained
embolisation of micro-emboli from the endarterect-
omy zone or a thrombotic occlusion of the ICA.6 These
events occur in the first 2–3 h postoperatively.7 Less
common causes of postoperative neurological deficits
include intracranial haemorrhage, hyperperfusion
syndrome, emboli from the left atrium and rarely,
dissection of the ICA under the distal intimal step. The
prevention of technical error by the use of intraopera-
tive quality control measures (intraoperative TCD
monitoring and completion angioscopy) can signifi-
cantly reduce the rate of intraoperative strokes but has
no impact on the rate of postoperative strokes.8
Unlike intraoperative stroke, little is known about
those factors that place 2–3% of patients at risk of a
postoperative thrombotic or embolic stroke. In the
hour or so, before patients develop a postoperative
neurological deficit increasing numbers of micro-
emboli can be detected passing through the middle
cerebral artery (MCA) to the brain.6 These emboli arise
from a forming thrombus adherent to the endarter-
ectomy zone. Patients do not develop a thrombotic
stroke without first producing a significant number of
emboli.8 The prevention of the rise in the number of
emboli by the use of an infusion of Dextran-40 reduced
the postoperative thrombotic stroke rate to zero in a
recent series of 500 consecutive CEAs.8 Evidence now
exists from three continents that the detection of
significant rates of embolisation in the postoperative
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period precedes thrombotic stroke or the appearance
of abnormalities on postoperative MRI.8 – 11
In an attempt to define those factors placing
patients at risk of postoperative thrombosis we have
compared the number of postoperative emboli
detected for each patient with clinical variables that
may be associated with postoperative thrombotic
stroke.
Methods
The trial was approved by the Leicestershire Area
Ethics Committee and patients entered by informed
consent. In all 775 patients undergoing CEA between
October 1995 and October 2001 were considered for
inclusion and data relating to clinical factors and
postoperative embolisation were collected. Data relat-
ing to intraoperative variables were also collected for
the final 294 patients in the study and correlated with
postoperative embolisation.
Carotid endarterectomy
Anti-platelet therapy was not stopped prior to surgery
and the patient’s usual medication administered on
the morning of surgery. Carotid endarterectomy was
performed by a consultant vascular surgeon or
supervised trainee with normotensive, normocarbic
general anaesthesia using loupe magnification, sys-
temic heparinisation (5000u), routine shunting (Pruitt-
Inahara, Ideas for Medicine, North Clearwater, Fla)
tacking sutures to the distal intimal step to prevent
intimal dissection and routine patch angioplasty.
Blood flow velocity in the MCA was monitored
throughout the procedure using 2 MHz pulsed wave
TCD ultrasound, a SciMed PC2-64B, with a fixed head
probe system (Scimed UK Ltd, Bristol, UK) protected
by a semi-circular metal head guard with recording
onto digital audiotap (DAT) for manual (visual) off-
line analysis of the emboli. Air emboli were differ-
entiated from particulate by their characteristic
appearance (high amplitude, short duration signals
appearing in both the forward and reverse flow
channels) and were discounted. The Doppler audio
signal was converted using a Wigner distribution
function prior to analysis of emboli. Further details of
this technique have previously been published.12
A 5 mm segment of the anastomosis (adjacent to the
orifice of the external carotid artery) was left open. The
shunt was removed and the lumen vented and
irrigated with heparinised saline. Prior to final closure
and restoration of flow, the lumen was inspected with
a flexible hysteroscope (Olympus 1070-48, Hamburg,
Germany) to exclude residual luminal thrombus and
intimal flaps.
After the procedure, the patient was transferred
through to the high dependency unit for further TCD
monitoring. All emboli detected in the first three
postoperative hours were recorded on to DAT tap and
quantified off-line. Any patient who had $25 emboli
in any 10 min period or whose emboli distorted the
MCA waveform (suggesting they were large) were
commenced on an incremental infusion of Dextran-40.
An initial bolus of 20 ml 10% Dextran-40 was
administered, followed by an infusion at rate com-
mencing at 20 ml/h. If the embolisation rate failed to
settle, the infusion rate was increased by 10 ml/h until
embolisation was controlled. The number and rate of
embolisation were quantified for each patient, as was
the required for Dextran therapy.
Postoperative assessment
All patients were assessed postoperatively by the same
neurologist (HA) who documented any new neuro-
logical deficit or cranial nerve injury. Any new
neurological deficit lasting .24 h was classified as a
stroke and these patients investigated by CT scan/
autopsy, duplex assessment of the internal carotid
artery (ICA) and TCD assessment of the intracranial
vessels. The neurologist reassessed all trial patients at
30 days where those suffering a perioperative stroke
underwent an assessment of the stroke using the
Oxfordshire Handicap Stroke Score (OHS). A minor
(non-disabling) stroke scored 0–2 on the OHS scale
whilst a disabling stroke scored 3–6.
Statistical analysis
As the data in this study were not normally distributed
non-parametric tests were adopted. Continuous vari-
ables were analysed using Mann–Whitney U-test.
Discrete variables were analysed using chi-squared or
Fisher’s exact test as appropriate. A p-value of ,0.05
was assumed to represent statistical significance.
Results
The results are in two main sections, the first relating
to factors inherent to the patient such as age and sex,
and the second to operative factors that may influence
patients’ risk of thrombotic stroke. The overall death
and any stroke rate was 17/775 (2.2%). There were
seven deaths (two MI, two cardiac failure, two
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intracranial haemorrhage and one brainstem CVA).
Two strokes occurred intraoperatively with the patient
awaking from anaesthesia with a neurological deficit.
Two patients developed very high rates of embolisa-
tion in the postoperative period and were treated with
Dextran-40 therapy, which prevented progression to
full carotid thrombosis but failed to prevent strokes
secondary to the embolic insult that had already
occurred. Three patients had cardio-embolic strokes
(normal carotid duplex, no emboli on TCD and new
infarct on CT), two of which were recently post-MI.
There were three other strokes, two secondary to
hyperperfusion syndrome and one after intracranial
haemorrhage.
Table 1 shows the mean number of emboli (and
range) seen for each of the patient related factors. The
most striking feature is that women had over twice as
many emboli as men ðp ¼ 0:019Þ: If the data are
divided into two groups, one with more than and
the other with less than 25 emboli in recovery, then
68% of patients in the first group are female, compared
with only 22% in the second group ðp ¼ 0:009Þ: This
data indicates that women’s risk of significant post-
operative embolisation is 2.2 times higher than men
(1.2–3.9, 95% CI).
Further analysis of the data relating to the CEAs for
men and women was performed in an attempt to
identify other differences between these two groups.
There was no difference in the mean number of
spontaneous preoperative emboli seen (0.60 vs 0.58,
p ¼ 0:26). The mean age of women undergoing CEA
was 70.2 vs 69.0 for men ðp ¼ 0:243Þ: There was no
difference in their presenting symptoms ðp ¼ 0:755Þ:
There were equal proportions of smokers (25 vs 25%,
p ¼ 0:979), diabetics (29 vs 28%, p ¼ 0:945), those with
a previous MI (19 vs 28%, p ¼ 0:169) and angina (46 vs
36%, p ¼ 0:251). The proportion of women who were
hypertensive (either uncontrolled hypertension or
taking anti-hypertensive medication on admission)
was higher than that of men (90 vs 63%, p ¼ 0:008).
There were more male claudicants (18 vs 31%,
p ¼ 0:027). The degree of ICA stenosis in both the
ipsilateral and contralateral vessels was similar for
women and men (80 vs 82%, p ¼ 0:119 and 61 vs 63%,
p ¼ 0:878, respectively). Women’s operations were
significantly shorter at 101 min compared to 113 min
for men ðp ¼ 0:011Þ: The length of time that a shunt
was in place for was shorter for women (41.3 vs
48.6 min, p ¼ 0:003). The length of patch angioplasty
was also significantly shorter (5.4 vs 6.6 cm,
p , 0:0001). Significantly, more women were given
Dextran-40 to prevent the development of a post-
operative thrombotic stroke than men (10% vs 3%,
p ¼ 0:013). There was no difference in the incidence of
hyper- or hypotensive episodes in recovery, or in the
number of postoperative cardiac events detected.
The age of the patient at operation did not affect
their thrombotic risk. The number of postoperative
emboli detected did not alter whether the patient
presented with a stroke, TIA or amaurosis fugax or
was asymptomatic. Factors reliant on the presence of
concomitant arterial disease such as previous MI,
angina, claudication or significant contralateral carotid
artery stenosis did not alter postoperative emboli
numbers. All of the statements in this paragraph hold
true whether the data are analysed as mean number of
emboli in each group or if the data are split into groups
with high and low emboli numbers and the proportion
of risk factors in the high and low groups then
compared.
Patients who had emboli detected on the preopera-
tive TCD monitoring were significantly more likely to
suffer high rates of postoperative embolisation (64.3
emboli vs 22.1, p ¼ 0:027). There is also a significant
correlation seen between the number of emboli
detected for a patient in the preoperative period
compared with the postoperative monitoring
(R2 ¼ 0:17; p ¼ 0:016).
Table 2 shows the relationship between operative
factors and postoperative embolisation. The length of
the procedure itself did not influence emboli counts.
The total period of time for which the CCA and ICA
were cross clamped for during the operation and the
length of time the blood was flowing through the
Pruitt-Inahara shunt did not influence postoperative
emboli counts (p ¼ 0:233 and p ¼ 0:796; respectively).
Table 1. The relationship between postoperative emboli numbers
and patient risk factors.
Risk factor Mean no. of emboli Range P ¼
Female 37 0–900 0.019
Male 18 0–633
Age 70 þ 32 0–900 0.410
Age ,70 23 0–633
Symptomatic 29 0–900 0.613
Asymptomatic 15 0–461
Diabetic 22 0–325 0.658
Non-diabetic 29 0–900
Hypertensive 28 0–900 0.967
Normotensive 28 0–587
Previous MI 37 0–900 0.306
No MI 25 0–587
Angina 14 0–254 0.101
No angina 34 0–900
Claudication 33 0–900 0.595
No claudication 26 0–583
Ipsilateral stenosis .85% 33 0–900 0.404
Ipsilateral stenosis ,85% 24 0–633
Contralateral stenosis .70% 22 0–246 0.420
Contralateral stenosis ,70% 32 0–900
Emboli on preop TCD 64 0–900 0.027
No emboli on preop TCD 22 0–583
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Finding a technical defect at angioscopy (five intimal
flaps and 14 patients with luminal thrombus) prior to
flow restoration that was subsequently corrected, did
not influence postoperative embolisation rates ðp ¼
0:569Þ: The length of the patch angioplasty used to
close the arteriotomy site did not affect emboli counts.
Whether the procedure was performed by a super-
vised trainee or an independent consultant did not
influence the outcome.
Discussion
Traditional cardiovascular risk factors did not appear
to influence postoperative embolisation in this study.
This would seem to indicate that the presence of
atherosclerotic disease per se does not act as a stimulus
to the platelet/coagulation system to form thrombus.
Patients’ presenting symptoms, which have been
associated with variations in outcome after CEA, did
not affect postoperative thrombotic risk. However, the
presence of embolisation detected in the monitoring
period before the CEA was started was significantly
correlated with the development of postoperative
embolisation. This may indicate that a common path-
way underlies the tendency to form thrombus in the
pre- and postoperative periods. The micro-emboli that
are generated have common link despite arising from
differing vessel surface coverings (atheroma or the
sub-endothelium), i.e. despite the stimuli initiating the
thrombus formation being different the final outcome
is similar. Much of the other data from this study
supports this supposition that it is not the type of
initial stimulus that determines patients’ risk of
postoperative thrombotic stroke but rather that it is
the patients inherent propensity to generate a throm-
bus in response to vascular injury.
Variation in each of the following factors could be
thought of as providing a prothrombotic stimulus of
variable strength. The length of the operation did not
affect postoperative emboli counts. Patients who had a
prolonged period with their blood bypassing the
operative site through a plastic shunt, which can
activate platelets, did not have an excess of post-
operative emboli. A long patch angioplasty was not
associated with an adverse outcome. The size of the
patch inserted is related to the area of vessel that is
stripped of its anti-thrombotic endothelial layer leav-
ing highly thrombogenic sub-endothelium to stimu-
late thrombus formation, i.e. the longer the patch the
greater the thrombotic stimulus. In keeping with
previous studies, no relationship was noted between
the detection of technical defects at angioscopy and the
presence of postoperative embolisation. Again these
findings are in keeping with the hypothesis that
variation in the degree of prothrombotic stimulus
does not correlate with the extent of the final
thrombotic outcome. No previous studies have
reported on the relationship between risk factors and
postoperative embolisation so it is not possible to
compare these results against published data.
Women suffered more than a two-fold increase in
the number of emboli detected in the postoperative
period ðp ¼ 0:019Þ: There was also a significant
increase in the proportion of patients suffering high
levels of postoperative emboli (.25) who were female.
Other factors relating to the operation and potentially
to postoperative thrombotic risk were compared
between the female and male groups in an attempt
to identify any confounding variables. More women
that men were being treated for hypertension, but this
did not translate into differences in blood pressure in
the immediate postoperative period. All of our
patients are monitored with intra-arterial blood
pressure monitoring in the recovery period and
hypertension (.160/90) is actively treated if it occurs.
Equal proportions of women and men (43% vs 44%,
p ¼ 0:691) were treated for postoperative hyperten-
sion. Women actually had shorter operation times,
shunt times and patch closure lengths than men. In
keeping with women’s increased number of post-
operative emboli is the fact that they were 3.6 times for
likely to be given Dextran-40 therapy than men to
prevent progression on to postoperative carotid
thrombosis.
Both ECST and NASCET have reported poorer
morbidity and mortality figures following CEA for
symptomatic women. A recent analysis of the NAS-
CET data showed that the odds ration for periopera-
tive stroke in women was 1.7 relative to men.13 Similar
data has also been reported for asymptomatic women
from the ACAS study, where the relative risk of 30-day
death or stroke was 3.3.14 The reason for the excess of
Table 2. Comparing factors relating to the operation and post-
operative embolisation. Angioscopy 1ve means that a technical
defect was found at angioscopy that required correction.
Risk factor Mean no. of emboli Range P ¼
Op time . 2 h 31 0–427 0.752
Op time ,2 h 28 0–900
Shunt time .45 min 17 0–246 0.233
Shunt time ,45 min 28 0–900
Clamp time .6 min 22 0–427 0.796
Clamp time ,6 min 24 0–900
Patch length .6 cm 36 0–900 0.089
Patch length ,6 cm 16 0–583
Angioscopy þve 38 0–633 0.569
Angioscopy 2ve 27 0–900
Trainee operating 16 0–900 0.078
Consultant 37 0–583
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strokes in the female cohort in each study has not been
adequately explained as yet. The data for these studies
does not allow analysis of why these events occurred
and whether they were intra- or postoperative events.
It is possible that one of the reasons for the excess of
female strokes in these studies is an increased rate of
postoperative carotid thrombosis.
In terms of outcome from arterial surgery, it is not
just following CEA that women fare less well than
men. Women suffer significantly decreased 1 year
primary patency rates (61% vs 84%) following iliac
angioplasty and stenting.15 Women’s apparent
increased tendency to thrombotic arterial occlusion
may also explain why there is an excess female
mortality following coronary angioplasty for the
treatment of acute myocardial infarction, with a
relative risk of 2.6 times that of men.16 In a further
study it has been reported that women are more likely
to require emergency coronary artery bypass grafting
following coronary angioplasty and that their mor-
tality in this situation is 4.3 times higher than the
comparable male cohort.17 A German study examined
the 30-day and 1 year outcomes following coronary
artery stenting and again there was a higher death rate
at 30 days for women (hazard ration 2.0), but this
difference disappeared by 1 year.18 It is possible that
the apparent increase in women’s prothrombotic
tendency following CEA in our series may well
account for the sex differences note above, with
women clotting off their coronary angioplasty or
stent sites, or occluding their new coronary grafts.
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